In this study, it was verified that the difference was intimately related with the nature of motoneurons divided into phasic and tonic. There were found, at the same time, different types of spinal interneurons and descending tract fibers in response to the brain stimulation.
METHODS
Most of the methods used in this study were similar to those described in the preceding paper5). Craniotomy and laminectomy of lumbosacral segments of the cat were performed under Nembutal (less than 25 mg/kg, intravenous injection) or ether anesthesia.
The head of the animal was fixed to a stereotaxic instrument and the lumbosacral part was clamped in a frame. The animal was then left untouched for several hours without any additional administration of anesthetics. 
RESULTS
1. Different types in extensor motoneurons classified according to PSP's elicited' by stimulating upper brain centers. PSP's elicited by single stimulations of a brain focus were not always the same among motoneurons innervating extensor muscles of a lower leg. In some extensor motoneurons which could be encountered rather infrequently, the early group PSP's were dominant by stimulating the Deiters' nucleus, the fastigial nucleus, the dentate nucleus (DN) and some sites of the bulbar reticular formation (RF), but the late group PSP's, were hardly marked by those stimulations.
In some other motoneurons, the former PSP's were scarce but the latter obvious. In the rest, both group of PSP's were elicited in succession with the brain stimulation.
It was observed that extensor motoneurons, in which the early group PSP's. were dominant by stimulating bulbar RF and DN, responded distinguishably to the stimulation of the pyramidal decussation (PD). However, other extensor motoneurons, only the late group facilitation being dominant, responded rather undistinguishably to that of PD. It should be noted here that only the early facilitation upon the monosynaptic reflex test could be elicited by the PD stimulation but the late facilitation was scarcely ever observed3).
The Conditioning stimuli were applied to the ventral-lateral nucleus of the thalamus (VL), the pyramidal decussation (PD), the dentate nucleus (DN) and the pontine reticular formation (RF).
scarcely observed on the reflex from the soleus nerve while the late group one was dominant on it. The facilitation by PD stimulation was weaker and rather prolonged on the reflex from the soleus nerve when compared with the facilitation upon the reflex from nerves to other muscles. The stimulation of VL elicited the facilitation of the reflex from the soleus nerve, the effect being remarkable at the later part. On the inhibitory curve of the extensor monosynaptic reflex obtained by the stimulation of upper brain centers such as the pontine RF4), there was found undistinguishable difference between fast and slow muscles, but the inhibitory time course of the reflex from slow muscle nerves was slightly prolonged and complicated, being most depressed at a later part when compared with the time course of that from fast muscle nerves.
Responses of spinal interneurons and descending tract fibers to the brain stimulation.
Spinal interneurons were various in manner of the response to brain stimulations, but the response types frequently encountered could be, in 
DISCUSSION
The stimulation of upper brain centers can elicit direct effects upon spinal alpha motoneurons without gamma loops',5).
The effects are facilitatory and/ or inhibitory, depending upon not only the site of stimulated foci but also the nature of motoneurons.
As for the nature, the effects of the stimulation have been divided into those upon flexor and extensor motoneurons innervating respective muscles of lower extremities.
There have been found, in fact, different effects between flexor and extensor motoneurons and between ipsilateral and contralateral motoneurons to the stimulation of upper brain centers1,4,7). The problem having been presented in this report and to be discussed here is the different innervation manner of upper brain centers between phasic and tonic motoneurons innervating extensor muscle group of one and the same lower extremity or innervating one and the same extensor muscle. As previously reported4,5), the effect of single stimulation of upper brain centers, especially of Deiters' nucleus, FN, DN and some parts of bulbar RF, showed often two group facilitations upon extensor motoneurons, which were the early group and the late one. The early group facilitation is specific in a brief latency of about 10 msec or so. On the other hand, the late group facili tation has a longer latency of 30-100 msec and a long-lasting duration of 50-200 msec or more, rising and falling slowly. It has been also recognized that the latter facilitation consists of not only EPSP's but also IPSP's, both of which combine diffusely, being a net result of the opposite components". By the stimulation of upper brain centers, which could set up both group facilitations, the early facilitation was elicited more markedly on phasic motoneurons with brief after-hyperpolarizations than on tonic motoneurons with longer after-hyperpolarization, while the late group facilitation was in the reverse manner.
Effects of the PD stimulation, which could usually induce only the early steep facilitation with a relatively short duration upon extensor motoneurons3), appeared distinguishably on phasic motoneurons but undistinguishably on tonic motoneurons. The stimulation of DN and FN sometimes elicited only the late group facilitation upon extensor motoneurons and, in such a case, the stimulation set up the late group PSP's upon tonic motoneurons but nothing upon phasic ones ( see FIG. 1A ).
Such differences in the stimulating effects were confirmed on extensor motoneurons in population by testing the effects upon the monosynaptic reflex discharge recorded separately from each extensor muscle nerve. The effects upon the reflex seem to be on the average of all over the effects upon the motoneurons innervating respective muscle. It may be said that the differences of , the stimulating effects between phasic and tonic motoneurons are, more or less, only quantitative and many motoneurons may respond in an intermediate manner between extremely phasic and tonic ones. On the other hand, the distinction in response type of spinal interneurons and descending tract fibers is rather clear and qualitative. They could be roughly classified into three, two of which showed the response of a short latency and a brief time course while another showed that of a longer latency and a long-lasting time course. Of the former two response types, the one was responsive to the stimulation of PD and VL (PD type), and the other responsive to RF, DN and VL (RF type). Another type responded unspecifically to all stimulations except that of PD (unspecific type). It is interesting that the interneurons and the descending tract fibers of PD and RF type seem, in latency and duration of their responses, to correspond to the early group facilitation of motoneurons elicited by the stimulation of the respective brain foci, while those of unspecific type correspond to the late group facilitation of motoneurons.
Thus it may be inferred that the early and the late group influences set up by the stimulation of upper brain centers descend to spinal motoneurons through different descending tract fibers respectively and are mediated by different spinal interneurons.
The pathways for the early group influence may be 'specific descending system' with fast conduction velocity, being corticospinal, reticulospinal, rubrospinal, vestibulospinal tract and so on, while those of the late group influence may be 'unspecific descending system' which descends probably via short paths from the bulbar reticular structure to spinal alpha motoneurons diffusely, slowly, polysynaptically and tonically. The same inference as just mentioned may be applicable also to the supraspinal inhibitory system.
The unspecific descending system may attribute to maintenance of tonic activities of alpha motoneurons, especially of tonic ones, with a net result of diffuse EPSP's and IPSP's5).
On the background of such tonic activities, voluntary and reflex activities of phasic and some tonic motoneurons may be superimposed, being mediated by ` specific descending system ' and segmental reflex systems.
The two descending pathways of tonic and phasic nature have been postulated also in supraspinal controls of the gamma motor system6).
Coordination between the direct supraspinal control over alpha motoneurons and the indirect one through gamma loops will be a very interesting problem to be studied in concern with phasic and tonic innervations.
Another interesting fact is that the stimulation of VL can activate almost all of interneurons and descending tract fibers belonging to different response types.
This seems to indicate that VL may be a concentrated nucleus for motor regulations in controlling and mediating both specific and unspecific systems at a higher level. The early steep component of the facilitatory effects of stimulating VL may descend through the specific descending system. The effect through the tract fibers of PD type may be more important than those of RF type, because the decortication of motor area almost abolishes the early steep facilitation set up by stimulating VL5 The present study was aided by a grant from the ministry of education of Japan.
